Developmental up-regulation of MnSOD in rat oligodendrocytes confers protection against oxidative injury.
Periventricular leukomalacia, the predominant pathological lesion underlying cerebral palsy in premature infants, is thought to be the result of hypoxic-ischemic injury to the cerebral white matter. The main cell type injured is the developing oligodendrocyte (OL), which has been shown to be more sensitive than mature OLs to both excitotoxic and oxidative mechanisms of injury. A maturation dependence of OL vulnerability to cystine deprivation-induced glutathione depletion has been previously demonstrated in culture. We hypothesized that mitochondria could be involved in this toxicity by generating superoxide and that increased superoxide dismutase (SOD) activity in mature OLs may account for their greater resistance. Cystine deprivation toxicity was found to be associated with mitochondrial dysfunction and intracellular superoxide accumulation in developing OLs. CuZnSOD protein expression and enzyme activity was similar along the OL lineage. In contrast, MnSOD was up-regulated in mature OLs, as manifested by a 53% increase in its expression and a four-fold increase in its activity. Overexpressing MnSOD in developing OLs was associated with a protective effect on mitochondrial membrane potential and a decrease in cell death induced by mild cystine deprivation. The greater challenge presented by total cystine deprivation was resistant to MnSOD overexpression and appeared to be related to hydrogen peroxide toxicity. These data suggest a primary involvement of superoxide in glutathione depletion toxicity in developing OLs, and suggest an important role for MnSOD in the resistance observed in mature OLs.